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(54) ELECTRODE FOR FUEL CELL 
(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance power generation by mixing platinum carrying 
carbon of an electrode catalyst, an alcohol solution of solid polymer electrolyte membrane 
component, and an organic solvent with a stirring apparatus having crushing effect, 
converting the carbon in high structured form with a three-dimensional vibration stirring 
apparatus, applying to a gas diffusion electrode substrate or a solid polymer electrolyte 
membrane, and removing the solvent to form a catalyst layer. 

SOLUTION: Platinum carrying carbon with a specified ratio of platinum, an alcohol solution 
of an ion conductive component of a solid polymer electrolyte membrane component 
having a sulfone group which is a hydrogen ion exchange group, and an organic solvent 
are uniformly mixed with a planetary ball mill or a homogenizer to highly disperse them. By 
the next stirring with a three-dimensional vibration stirring apparatus, degree of 
aggregation association of structured carbon comprising many primary particles is 
increased, the viscosity of carbon paste is increased, and entering of the carbon paste into 
pores of porous carbon paper of a gas diffusion electrode substrate is made difficult. The 
utilization factor of the platinum catalyst is enhanced, and conductivity is increased. By 
heating in an inert gas atmosphere after coating, the solvent is removed. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 .**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The alcoholic solution and organic solvent of an ion electric conduction component which 
are the platinum support carbon and the solid-state polyelectrolyte membrane component which are 
an electrode catalyst The 1st process which is mixed to homogeneity with the stirring equipment 
which has the grinding effectiveness, and manufactures electrode paste, The 2nd process which 
forms into high structure the carbon which stirs electrode paste with three-dimension oscillating 
stirring equipment, and is supporting platinum. And the electrode for fuel cells characterized by 
having the catalyst bed obtained from the 3rd process which removes a solvent after applying to a 
gas diffusion electrode base material and/or the solid-state polyelectrolyte film the electrode paste 
formed into high structure. 

[Claim 2] The electrode for fuel cells according to claim 1 whose stirring equipment which has the 
grinding effectiveness is a planet ball mill or a homogenizer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention! 

[ 0001 ] 

[Field of the Invention] This invention relates to the electrode for solid-state polyelectrolyte mold 
fuel cells in detail about the electrode for fuel cells. 

[ 0002 ] 

[Description of the Prior Art] Also a fuel cell and in it, by using the ion-exchange-resin film etc. as a 
solid-state polyelectrolyte, and arranging a negative electrode and the two electrodes 0 f ****** on 
both sides of this electrolyte membrane, for example, supplying oxygen and air for hydrogen to a 
positive-electrode side again at a negative-electrode side, a solid-state polyelectrolyte mold fuel cell 
makes electrochemical reaction cause, and generates the electrical and electric equipment. 

[0003] And it is the so-called MEA (Membrane Elecrtrode Assembly) as an electrode used for a 
solid-state polyelectrolyte mold fuel cell. It is well-known, an electrode is formed from the catalyst 
particle with which noble metals were supported by carbon support, the solid-state polyelectrolyte 
component formed in a catalyst particle front face, and the fluororesin which makes a catalyst 
particle bind mutually, this electrode is arranged on two principal planes of the solid-state 
polyelectrolyte film, and the cell is constituted (JP,5-36418,A). 

[0004] As the negative electrode which touches that solid-state polyelectrolyte film, and two 
electrodes Q f ****** ^ j n orc i er to promote a reaction, there is a thing of the format that the precious 
metal catalyst of platinum and others is added and used into that electrode, and the thing of former 
versatility is proposed as a manufacturing method of the electrode of this format. It is manufactured 
by specifically applying to the ion-exchange-resin film as a solid-state polyelectrolyte the catalyst 
bed which comes to mix a catalyst particle with a solid-state polyelectrolyte component at spreading 
or a gas diffusion electrode base material. 

[0005] However, only by joining a catalyst bed to the solid-state polyelectrolyte film by spreading or 
thermocompression bonding in this way, the limit of the reactive site of 2 yuan is carried out to the- 
like interface of an electrolyte and an electrode, and there is little substantial active area. As one of 
the technique which improves this, for this reason, on the ion-exchange-resin film as a solid-state 
polyelectrolyte By joining the electronic-ion mixed conductor layer which consists of mixture of the 
carbon powder and ion-exchange resin film powder which supported catalyst metals, such as 
platinum, and a polystyrene binder making [ many ] the contact of an electrode material and a solid- 
electrolyte membrane ingredient, three-dimension-izing a reactive site, and raising active area is 
planned — [ — for example, "electrochemistry" — the 53rd volume, No. 10, and P. 812-817(1985)]. 
[0006] In this case, stirring mixing of the mixture with the carbon powder, ion-exchange resin 
solution (ion electric conduction component), and organic solvent which supported catalyst metals, 
such as platinum, is usually carried out using a homogenizer, a ball mill, etc., and the paste for 
electrode catalyst bed formation is prepared (JP,8-88008,A). Moreover, in order to put the above- 
mentioned paste on the porosity base material of gaseous diffusion nature, or the front face of ion 
exchange membrane by conductivity, to face making a catalyst bed form and creating a gas diffusion 
electrode and to control lock out of the pore of a gaseous diffusion layer, to consider as 
hyperviscosity is needed (JP,8-236122,A). And when carbon paper is used, in order to adjust the 
viscosity of a paste to 2,000 - 20,000cp extent as a porous base material, the approach of adding a 
thickener is proposed (JP,8-236123,A). 
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[0007] Furthermore, while the chain structure of the carbon black used for support by crushing with 
a ball mill goes out, a particle is crushed, a new front face is formed, and the carbon powder which 
supported catalyst metals, such as platinum, is intercrystallized or alloyed in part with the energy of 
crushing, and raises catalytic activity while a part of colloidal particle of the carbon powder which 
supported catalyst metals, such as platinum, adheres on this new front face and it is distributed by 
homogeneity (JP, 1-266848, A). Moreover, if a ball mill grinds the catalyst which made carbon 
support metal particles, such as platinum, the structure of the carbon used as support is destroyed, 
particle size will also become fine and mixing with a binder (polytetrafluoroethylene) will become 
homogeneity (JP,5-47389,A). Moreover, if a simple grain child grinds the acetylene black which has 
the high structure structure connected in the shape of a chain with a grinder with a cutter and forms it 
into a simple grain child (mean particle diameter is 0. 5**0. 2 micrometers, and average specific- 
surface-area >=70m2 / g), it is known that the dispersibility of platinum will become high and 
catalytic activity will increase rather than the carbon of high structure structure (JP,5-89880,A). 
[0008] 

[Problem(s) to be Solved by the Invention] The trouble which the dispersion liquid (electrode paste) 
of the platinum support carbon obtained by mixing which this invention was made under such a 
technological background, and used the conventional ball mill etc., and an ion electric conduction 
component have. Namely, when this paste is applied to the carbon paper used as a porous base 
material. While solving the trouble that a paste enters the interior of the pore of carbon paper, cause 
lock out of the pore of a gaseous diffusion layer, and a catalyst utilization factor falls By making 
platinum support carbon form into high structure, a catalyst particle has high divided conductivity to 
homogeneity of an ion electric conduction component, and aims at offering the technique which can 
raise the generation-of-electrical-energy engine performance. 

[0009] 

[Means for Solving the Problem] That the above-mentioned trouble should be solved, without adding 
polytetrafluoroethylene system resin and the thickener as a binder which are used in the conventional 
technique as a result of research, wholeheartedly, by stirring two steps of dispersion liquid which 
consist of the alcoholic solutions and organic solvents of platinum support carbon and an ion electric 
conduction component, this invention persons found out that this trouble was solvable, and reached 
this invention. 

[0010] This invention the alcoholic solution and organic solvent of an ion electric conduction 
component which are the platinum support carbon and the solid-state polyelectrolyte membrane 
component which are an electrode catalyst The 1st process which is mixed to homogeneity with the 
stirring equipment which has the grinding effectiveness, and manufactures electrode paste. The 2nd 
process which forms into high structure the carbon which stirs electrode paste with three-dimension 
oscillating stirring equipment, and is supporting platinum, And after applying to a gas diffusion 
electrode base material and/or the solid-state polyelectrolyte film the electrode paste formed into 
high structure, the electrode for fuel cells characterized by having the catalyst bed obtained from the 
3rd process which removes a solvent is offered. In this case, it is desirable that the stirring equipment 
which has the grinding effectiveness is a planet ball mill or a homogenizer. 

[ 0011 ] 

[Embodiment of the Invention] This invention makes the high distribution carbon paste which 
ground the aggregate of platinum support carbon for the alcoholic solution and organic solvent of 
platinum support carbon and an ion electric conduction component by the lst-step stirring mixing 
form into high structure by the 2nd-step three-dimension oscillating stirring again, by giving 
viscosity, tends to prevent and have an enter lump of the above-mentioned paste inside [ of carbon 
paper ] pore, and tends to raise the utilization factor of a platinum catalyst. 

[0012] Here, high structure-ization of carbon black is explained. Carbon black takes the 
condensation structure called structure, and the structure (aggregate) in which high structure 
structure is formed by connecting many primary particles carries out a condensation meeting, and 
says the condition of having formed the aggregate which became entangled with altitude. So, a raise 
in structure has a comparatively low condensation meeting, and means changing the carbon black of 
structure with little degree of branching to high structure structure. In this way, the viscosity of the 
carbon paste formed into high structure rises, and the so-called thickening phenomenon is accepted. 
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As described above, by stirring the crushed electrode paste (low structure structure) using three- 
dimension oscillating stirring equipment, this invention finds out that high structure-ization is 
attained and it is attained. Furthermore, it is in the inclination for conductivity to increase, so that it 
is in a correlation at the degree of electric conduction grant capacity and a raise in structure and high 
structure-ization progresses. If this carries out stirring mixing of the platinum support carbon with an 
ion electric conduction component [for example, the trade name "Nation" (5-% of the weight 
alcoholic solution) by Aldrich Chemical] and high structure-ization is embodied, it will be because 
an ion electric conduction component enters into the pore circles of support carbon. 

[0013] the carbon which the platinum support carbon used as an electrode catalyst is the carbon 
which supported 1 0 - 30% of the weight of platinum with the conventional method to carbon in this 
invention, and serves as support — KETCHIEN — the high structure made by law, the acetylene 
method, etc. — and what has a large average specific surface area is used suitably. 

[0014] The solid-state polyelectrolyte film used in this invention can mention the solid-state 
polyelectrolyte film to a hydrogen ion which is solid-state polyelectrolyte film which has a sulfone 
radical as an ion exchange group, and was manufactured from fluorine system sulfonic-acid 
macromolecule resin, for example, the Du Pont (DuPont) trade name, "Nation- 1 15 film", and the 
thickness is about 20-120 micrometers. Therefore, the ion electric conduction component which is a 
solid-state polyelectrolyte membrane component used in this invention in this case is 
perfluorocarbon-sulfonic-acid resin, and the alcoholic solution of a solid-state polyelectrolyte is 
used, for example, it can usually mention the trade name "Nation" (5-% of the weight alcoholic 
solution) by Aldrich Chemical. 

[001 5] As for the quantitative rate of the platinum support carbon used in the 1st process of this 
invention, and the amount of solid-state polyelectrolytes (ion electric conduction component), it is 
desirable that the amount of solid-state polyelectrolytes makes it a weight ratio, and is in the range of 
0.2-2. 0 to the amount of platinum catalysts (platinum support carbon). If ion conductivity falls 
remarkably and this rate exceeds 2.0 on the other hand in the case of less than 0.2, since the fall of 
the gaseous diffusion nature inside an electrode will be caused, there is a possibility that desired 
catalytic activity may not be acquired. After electrode paste spreading and the amount of platinum 
catalysts are 0.5 - 0.7 mg/cm2. Choosing so that it may become is desirable. 

[0016] By the organic solvent used in case stirring mixing of the above, platinum support carbon, 
and the ion electric conduction component is carried out having good distribution of carbon, and not 
reducing the function of the solid-state polyelectrolyte film, although anythings can be used for that, 
it is made the volume ratio of ethylene glycol and ethylene glycol mono-isopropyl ether and 
isopropanol, and mixture etc. is used suitably 50/50%, for example. Furthermore, addition mixing of 
the solvent which does not react to extent by which rheology-properties, such as the kinematic 
viscosity of the electrode paste for electrode catalyst bed formation, are not spoiled with oxygen, 
such as water, and a ketone, ester, can be carried out. 

[0017] For the amount of the solvent used, although it changes with the concentration of the 
alcoholic solution of the solid-state polyelectrolyte used, a mixed solvent with alcohol is after 
electrode paste spreading, and a solid-state polyelectrolyte (ion electric conduction component) is 0.1 
-1.4 mg/cm2. Choosing is desirable so that it may become, and the concentration of a solid-state 
polyelectrolyte is usually 2 - 20 % of the weight. 

[0018] In the 1st process of this invention, if the stirring equipment used for stirring mixing is not the 
ultrasonic distribution equipment regularly used by manufacture of these dispersion liquid with the 
conventional technique but stirring mixing equipment which has the grinding effectiveness 
dynamically, anythings can be used for it. For example, a homogenizer, a ball mill, a planet ball mill, 
a sand mill, etc. can be mentioned. Especially, the homogenizer from a viewpoint of the grinding 
effectiveness, a ball mill, a planet ball mill, and a sand mill are desirable. 

[0019] Moreover, in order to perform stirring mixing efficiently, all the mixed inputs of a carbon 
support platinum catalyst, an ion electric conduction component solution, and an organic solvent of 
the third grade of the container capacity of stirring mixing equipment are desirable, and stirring 
mixing time is usually the range for 60 - 300 minutes in ordinary temperature. The mixed mixing 
time of grinding of support carbon is inadequate in less than 60 minutes, and on the other hand, even 
if it exceeds 300 minutes, the remarkable grinding effectiveness of the support carbon beyond it is 
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not acquired. 

[0020] next, the thing which demonstrates the function for the three-dimension oscillating stirring 
equipment which is used in the 2nd process of this invention, and which stirs and forms a high 
distribution carbon-electrode paste into high structure to restore the structure crushed in the 1st 
process, and to make an ion electric conduction component enter the interior of the pore of support 
carbon — it is — if it kicks, it will not become. 

[0021] The above-mentioned three-dimension oscillating stirring equipment is equipment as shown 
in drawing 1 . The base plate 14 and this base plate 14 which install the motor 13 which carries out 
eccentric rotation of the base plate 12 which installs the container 1 1 which threw in the high 
distribution carbon-electrode paste 10, and has an eccentric shaft to the revolving shaft of a motor, 
and this base plate 12, and this motor 13 are made to reciprocate up and down. It consists of motors 
16 made to rotate the cam 1 5 which has an eccentric shaft to the revolving shaft of a motor, and this 
cam 15. 

[0022] The container 1 1 installed in this equipment by driving a motor 13 and a motor 16 to 
coincidence (Rotational speed can be adjusted to 0 - l,500rpm) To two-dimensional stirring 
(centrifugal stirring) and the coincidence by rotation of the base plate 12 by the motor 13 The 
direction of the centrifugal force which joins a stirred object with the vertical reciprocating motion of 
the cam 15 by the motor 16 changes in three dimension. Three dimension oscillating stirring is 
performed, the primary particle of the support carbon of a high distribution carbon-electrode paste is 
reconfigurated, and high structure-ization of different structure from grinding before in the 1st 
process can be realized. 

[0023] The re-mixing time by the above-mentioned three-dimension oscillating stirring equipment is 
usually the range for 30 - 300 minutes in ordinary temperature. Raise in the structure of electrode 
paste of mixing time is inadequate in less than 30 minutes, and there is a possibility of spoiling 
rheology-properties, such as viscoelasticity with a high structure-ized electrode pace, if it exceeds 
300 minutes on the other hand. 

[0024] Furthermore, in the 3rd process of this invention, high structure-ized electrode paste can be 
applied to a gas diffusion electrode base material and/or the solid-state polyelectrolyte film with a 
doctor blade etc. at desired thickness. Thickness can be changed by adjusting screen-stencil or the 
path clearance of a doctor blade, and can cover the catalyst bed (the desired amount of carbon 
support platinum catalysts and the amount of ion electric conduction components are contained) of 
various thickness. Although thickness changes with the amounts of carbon support platinum 
catalysts and the amounts of ion electric conduction components which constitute electrode paste, 
the range of it is usually 50-250 micrometers in the time of humidity. There is a possibility that 
thickness may become insufficient [ less than 50 micrometers / the amount of platinum catalysts ], 
and on the other hand, when it exceeds 250 micrometers, there is a possibility that the surface state 
of the catalyst bed formed of desiccation and deliquoring may become unstable. 

[0025] Here, a gas diffusion electrode base material is the so-called electronic conductivity base 
material, for example, can mention carbon paper, a carbon cross, etc. Carbon paper is a porous base 
material, and since it is manufactured especially by the principle of paper milling, there is especially 
much pore (hole) section. Moreover, as described above, the solid-state polyelectrolyte film is solid- 
state polyelectrolyte film manufactured from fluorine system sulfonic-acid macromolecule resin, and 
has alternative hydrogen ion exchange ability. 

[0026] Subsequently, in the 3rd process of this invention, the organic solvent which heats the 
electrode paste layer by which spreading immobilization was carried out on a gas diffusion electrode 
base material and/or the solid-state polyelectrolyte film, and which was formed into high structure in 
an inert gas ambient atmosphere, dries, and is contained during the paste is removed, and covering 
formation of the catalyst bed which consists of a carbon support platinum catalyst and an ion electric 
conduction component is carried out on a gas diffusion electrode base material and/or the solid-state 
polyelectrolyte film. In this case, as inert gas, nitrogen, an argon, etc. can use it suitably, an alcoholic 
component can be removed in ordinary pressure and 50-80 degrees C, and organic solvents, such as 
ethylene glycol, can be first removed by subsequently heating under reduced pressure at temperature 
as it is. 

[0027] The catalyst bed by which covering formation was carried out on the gas diffusion electrode 
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base material obtained according to the above three processes and/or the solid-state polyelectrolyte 
film can join a catalyst bed to the solid-state polyelectrolyte film and/or a gas diffusion electrode 
base material by carrying out thermocompression bonding of this. Junction is the temperature of 
120-150 degrees C, and the pressure of 20-200kg/cm2. It can carry out suitably by carrying out a 
hotpress. In the case of the temperature of 120 degrees C, and the conditions below pressure 20 
kg/cm2, junction is inadequate and, on the other hand, they are the temperature of 150 degrees C, 
and the pressure of 200kg/cm2. On the conditions which exceed, there is a possibility that an ion 
electric conduction component may decompose. Although hotpress time amount changes with virtual 
junction temperature or pressures, its 30 - 120 seconds are usually desirable. When hotpress time 
amount is less than 30 seconds, there is a possibility that joining may become inadequate, and when 
it exceeds 120 seconds, on the other hand, there is a possibility of causing decomposition of an ion 
electric conduction component, deterioration of a gas diffusion electrode base material and/or the 
solid-state polyelectrolyte film, and deformation. 

[0028] In the 1st stirring mixing process of this invention, and the 2nd three-dimension oscillating 
stirring process, even if it, of course, makes a polytetrafluoroethylene system resin solution mix as an 
electrode component component in addition to an electrode catalyst and an ion electric conduction 
component, it does not interfere at all. 

[0029] Moreover, the stirring mixing equipment used for the 1 st process of this invention is not 
limited to a planet ball mill, a sand mill, etc., and as long as it is the stirring method with the 
effectiveness which grinds the aggregate of the support carbon which is mainly in a state of 
aggregation, what kind of approach is sufficient as it, and as described above, it can be suitably used 
also with a homogenizer. Furthermore, the distance of the support carbon to which the three- 
dimension oscillating stirring equipment as re-stirring equipment used for the 2nd process of this 
invention is not limited to it, either, and gets separate in the 1st process may be contracted, and as 
long as it is the stirring method that it is made to re-grow up, what kind of approach may be used. 
Below, the detail and the operation effectiveness of a process of this invention are explained. 

[0030] 1. In the 1st step which mix the electrode paste which consist of an electrode catalyst bed 
component containing the covered electrode catalyst and ion electric conduction component 
( alcoholic solution ) of a carbon particle by grinding of the 1st process support carbon , and the ion 
electric conduction component , and an organic solvent , even the ingredient that constitute an 
electrode catalyst come out using the high stirring alligation of grinding effectiveness like a planet 
ball mill , and solve the aggregate of a certain secondary support carbon floe . In this case, an ion 
electric conduction component enters between the support carbon particles which were able to be 
solved (an ion electric conduction component is made to enter the interior of the pore of support 
carbon). 

[0031] In the above-mentioned grinding mixing process, it is desirable to make carbon particle size 
distribution into a median size, and to make it submicron order. Moreover, the above-mentioned 
grinding mixing process may not be what was restricted to planet ball mill stirring, and as long as it 
is the stirring method with the effectiveness which grinds the aggregate of support carbon, it may be 
what kind of thing. 

[0032] In the 1st process, the structure which has given the electric conduction network to support 
carbon is broken helplessly, and there is a possibility of spoiling the electronic conductivity of the 
electrode after MEA production. Moreover, an ion electric conduction component cannot be made to 
enter the interior of the pore of support carbon very much at the above-mentioned process. Then, in 
the 2nd process, while restoring broken structure, an ion electric conduction component is made to 
enter the interior of the pore of support carbon, and the utilization factor of a catalyst is raised. 

[0033] 2. In the 1st process of restoration of the ion electric conduction component to the restoration 
of structure and the interior of support carbon pore by the 2nd process three-dimension oscillating 
stirring method, as described above, as for the support carbon ground in electrode paste, even the 
structure is destroyed. Moreover, up to the interior of pore, although the support carbon front face is 
covered with the ion electric conduction component, if an ion electric conduction component enters 
very much, it does not go. Then, by stirring this paste again with three-dimension oscillating stirring 
equipment, the distance of the support carbon covered with the ion electric conduction component is 
shortened (viscosity goes up), and an ion electric conduction component enters the interior of 
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support carbon pore in this case. By this, since the catalyst currently supported by support carbon can 
be covered with an ion electric conduction component, a touch area can be expanded, and a catalyst 
utilization factor can be raised. Moreover, since the distance of support carbon is shortened by this 
process, the structure of the support carbon which has broken off by grinding can be re-grown up. 
And there is no possibility of spoiling the electronic conductivity in the electrode formed by this. 
[0034] 3. After Applying the 3rd Process Above-mentioned Quantity Structure-ized Electrode Paste 
to Gas Diffusion Electrode Base Material and/or Solid-state Polyelectrolyte Film, In the 3rd process 
of covering this invention to the gas diffusion electrode base material and/or solid-state 
polyelectrolyte film of a catalyst bed by removing a solvent The electrode paste obtained according 
to the 1st and 2nd processes of the above to a surprising thing Without adding binders, such as a 
polytetrafluoroethylene system resin solution Moreover, a carboxymethyl cellulose, methyl 
cellulose, casein. Since it has the hyperviscosity of 2,000 - 20,000cp (centipoise) extent, without 
adding thickeners, such as polyvinyl alcohol, polyacrylic acid ammonium, and starch It can apply to 
solid-state polyelectrolyte film like the perfluorocarbon-sulfonic-acid resin film represented with the 
electronic conductivity base material (gas diffusion electrode base material) and/or "Nafion" like 
carbon paper, without carrying out flow diffusion at desired thickness. This electrode paste 
especially enters the interior of the pore of electronic conductivity base materials, such as carbon 
paper used as a porous base material, lock out of the pore of a gaseous diffusion layer is caused, and 
there is no possibility that a catalyst utilization factor may fall. 

[0035] Thus, by applying high structure-ized electrode paste to a gas diffusion electrode base 
material and/or the solid-state polyelectrolyte film An electrode catalyst and an ion electric 
conduction component are fixed to a gas diffusion electrode base material and/or the solid-state 
polyelectrolyte film. Solvents, such as ethylene glycol used for preparation of alcohol and electrode 
paste, are dried under ordinary pressure thlru/or reduced pressure in inert gas ambient atmospheres, 
such as nitrogen and an argon. The catalyst bed which consists of an electrode catalyst and an ion 
electric conduction component can manufacture the electrode for fuel cells covered by homogeneity 
on a gas diffusion electrode base material and/or the solid-state polyelectrolyte film by removing a 
solvent. 

[0036] Next, in order to clarify the property of the electrode made by this invention, the result of 
having measured pore distribution of the electrode (MEA) of this invention and the electrode (MEA) 
of a conventional method by the mercury porosimeter is first shown in drawing 2 . However, an 
example 1 shows pore distribution of the electrode from which the example 1 of a comparison was 
made by the one-step stirring alligation of a conventional method again in pore distribution of the 
electrode made by the two-step stirring method of this invention among drawing 2 . 

[0037] The volume of pore smaller than the electrode made by only the 1st process is decreasing, 
and pore distribution of the electrode made by the 1st process and 2nd process of this invention can 
be referred to as that the ion electric conduction component has entered the interior of the minute 
pore of support carbon so that clearly from drawing 2 . 

[0038] Moreover, the result of having measured specific surface area (platinum surface area per unit 
mass) with CO adsorption measuring device is shown in drawing 3 about the electrode of this 
invention, and the electrode of a conventional method. However, in drawing 3 , an example 1 shows 
the platinum surface area which is not covered with the ion electric conduction component of the 
electrode from which the example 1 of a comparison was made by the one-step stirring alligation of 
a conventional method in the platinum surface area which is not covered with the ion electric 
conduction component of the electrode made by the two-step stirring method of this invention. 

[0039] Since CO absorbed amount is decreasing also in CO adsorption measurement of the electrode 
made by the 1st process and 2nd process of this invention so that clearly from drawing 3 , it can be 
said that it is distinct that covering of the electrode catalyst by the ion electric conduction component 
is improving rather than the electrode conventionally, and the engine performance of the electrode of 
this invention is improving from this. 

[0040] 

[Example] Hereafter, an example is given and this invention is explained. In addition, among an 
example, unless it is shown especially, "%" or the "section" is weight criteria. Here, although the 
planet ball mill is used for stirring mixing of the 1st process in the following example 1, it cannot be 
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overemphasized that it can replace with this and a homogenizer can be used. 

The amount of Nafion(s) and the amount of Pt catalysts were adjusted so that the amount of solid- 
state polyelectrolytes might become 0.2 - 2.0% to the amount of platinum catalysts (20%Pt support 
carbon) about 5% Nafion (Nation) solution by Aldrich Chemical as an alcoholic solution of an 
example 1 solid-state polyelectrolyte. 

[0041] 20ml of ethylene glycol was supplied to the container only for planet ball mills as the Nafion 
solution prepared at the last process, 30ml of dispersion liquid of a platinum catalyst, and an organic 
solvent. Under the present circumstances, as for the ingredient input to a container, one third of 
container capacity becomes a standard. In this example, 50ml of ingredients and 30 Teflon balls with 
a diameter of 10mm were fed into 150ml Teflon container, stirring mixing was performed for 180 
minutes in ordinary temperature, and electrode paste was obtained. The particle diameter of the 
platinum support carbon black in the electrode paste obtained at this process was ground to about 
0.05-0.5 micrometers (refer to drawing 1 ). 

[0042] Next, the paste for electrodes which grinding mixing was carried out and was obtained at the 
above-mentioned process was extracted in another container, and it stirred for 120 minutes again by 
rotational-speed 1 ,400rpm in ordinary temperature with three-dimension oscillating stirring 
equipment. In addition, although the ball mill was used as alligation with the grinding effectiveness 
in the above-mentioned example, it is not limited to this, and equivalent effectiveness is acquired 
even if it uses a colloid mill, a blender mill, etc. 

[0043] The electrode paste obtained at the above process was applied to 50 micrometers in thickness 
by screen-stencil on carbon paper with a thickness of 400 micrometers by the electronic conductivity 
base material and this example, and was dried at 80 degrees C under ordinary pressure in the argon 
gas ambient atmosphere, and the solvent was removed under reduced pressure. 

[0044] About the electrode constituted on the above-mentioned electronic conductivity base 
material, they are the temperature of 120-200 degrees C, and the pressure of 20-100kg/cm2 to both 
sides of the Du Pont solid-state polyelectrolyte film "Nafion-1 15". The hotpress was carried out for 
60 seconds and the membrane electrode zygote (MEA) of this invention was obtained. 

[0045] In example of comparison 1 example 1, except that stirring was the stirring alligation (for [ by 
the planet ball mill / stirring ] 1 80 minutes) of the 1 st process, the membrane electrode zygote 
(MEA) was obtained by the same approach as an example 1 . 

[0046] About the membrane electrode zygote obtained in the example 1 and the example 1 of a 
comparison, pore distribution measurement, CO adsorption measurement, and an I-V comparison 
test were performed by the following approaches. 

[0047] The mercury porosimeter by pore distribution measurement Kantor chromium incorporated 
company (Quanta Chrome Co.) and a trade name "Autoscan-60+500" were used, and pore 
distribution was measured with the method of mercury penetration. The measurement result was 
already shown in drawing 2 . 

[0048] From the result of drawing 2 , the great portion of pore volume distribution is in pore 0.05 
micrometers or less by MEA of this invention, and thin 0 path is small compared with MEA of a 
conventional method being pore 0.07 micrometers or less. Moreover, if the pore volume near the 
pole diameter of 0.008 micrometers of MEA of this invention and the pore volume near the pole 
diameter of 0.009 micrometers of MEA of a conventional method are measured As described above, 
from the direction of MEA of this invention having a small pole diameter, and pore volume falling 
pore distribution of MEA of this invention It is clear that the volume of pore smaller than MEA of a 
conventional method is decreasing, and the ion electric conduction component has entered the 
interior of the minute pore of support carbon. 

[0049] CO adsorber by CO adsorption measurement Shimadzu Corp. and the trade name 
"ASAP2010" were used. 

[0050] After having carried out indirect desulfurization mind of the test piece (5cmxl0cm) of an 
electrode (MEA) for 480 minutes under the elevated-temperature vacuum (temperature of 100 
degrees C, degree of vacuum 10-5Torr), introducing hydrogen subsequently in advance of 
measurement and removing the impurity of an electrode surface, the absorbed amount of ** CO was 
measured at 35 degrees C. The measurement result was already shown in drawing 3 . 

[0051] It can be said that the platinum surface area of MAE of this invention has the rate larger than 
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MAE of a conventional method with which the electrode catalyst according [ the direction of MAE 
of this invention ] to an ion electric conduction component is covered, and its electrode of this 
invention is more highly efficient than this since it is 2.05m2 / g and the platinum surface areas of 
MAE of a conventional method are 2.50m2 / g so that clearly from drawing 3 . 

[0052] While using hydrogen as a fuel and supplying this to the anode side as I-V comparison test 
cell actuation conditions, oxygen was supplied to the cathode side. The hydrogen and oxygen side 
set the supply pressure of this ring main to 100KPa(s). Moreover, the dew-point of 80 degrees C and 
oxygen is made into 50 degrees C for the dew-point of hydrogen, and the temperature of a cell was 
kept at 85 degrees C, and was operated. The rate of gas utilization was fixed at 50% the cathode side 
67% the anode side. The measurement result of current density (I) and a cel electrical potential 
difference (V) is shown in drawing 4 . 

[0053] However, in drawing 4 , an example 1 shows the cel electrical potential difference of the 
sample offering cell incorporating MEA from which the example 1 of a comparison was made by the 
one-step stirring alligation of a conventional method in the cel electrical potential difference of the 
sample offering cell incorporating MEA made by the two-step stirring method of this invention. 
[0054] Although a cel electrical potential difference and current density are in a correlation, it 
follows on making current density increase, and a cel electrical potential difference falls relatively 
and it means that that a cel electrical potential difference is high has the high utilization factor of a 
catalyst so that clearly from drawing 4 Compared with the sample offering cell of the example 1 of a 
comparison, it turns out as drawing 4 that current density shows the high cel electrical potential 
difference in all two or less 1 .6 A/cm fields, it excels in the electrode characteristic, and the high 
catalyst utilization factor is acquired by the sample offering cell of the example 1 concerning this 
invention. 

[0055] 

[Effect of the Invention] Since according to this invention high structure-ized electrode paste is 
obtained and support carbon can be certainly covered by the ion electric conduction component to 
the interior of pore by stirring two steps of dispersion liquid which consist of the ion electric 
conduction components and organic solvents which are the platinum support carbon and the solid- 
state polyelectrolyte membrane component which are an electrode catalyst, the generation-of- 
electrical-energy engine performance of the fuel cell incorporating MAE formed from this electrode 
paste improves. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the conceptual diagram of the three-dimension oscillating stirring equipment used 
in the 2nd process of this invention. 

[Drawing 2] It is drawing showing pore distribution of the electrode (MEA) made from the example 

I and the example 1 of a comparison of this invention. 

[Drawing 3] It is drawing showing the platinum surface area of the electrode (MEA) made from the 
example 1 and the example 1 of a comparison of this invention. 

[Drawing 4 ] It is drawing showing the relation of the current density and the cel electrical potential 
difference which were measured about each sample offering cell incorporating MEA made from the 
example 1 and the example 1 of a comparison of this invention. 

[Description of Notations] 

10 High Distribution Carbon-Electrode Paste 

I I Container 

12 Base Plate 

13 Motor 

14 Base Plate 

15 Cam 

16 Motor 
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4c, ±15 L fc X* <5 < , 7y*| 

h*t*£>9, m&tfytex.jiMx-'s&titmm-r&o 

[0 0 2 6] &©T\ *3S9]©3l3©X;gt;i4J©T, U 

* fettisitts 4 u«/* fc f4@^i*5^±mfi?KM±i^ 

®SiHjfcs*tfc*7 h7^±-Y-±$±-±a®^-^ h 
JBSr, *ffittjlf7*tH«'t>-eJn*l, §fci»L-r-<-* b* 
fc-^in-cv'5W«»ii*»*b-c, 
mm t X ± >-^a^5> 4D44 «K® ^ tet5:a® s 

#43 4 1//4 ±(4@fr $ ± 

So XS]4*44 LTI4, BB. Tfa^^te 

mwMicmm-rzxkfaxz. *-r, be, so~8 

0 < Ct43V'TX7W3- / .^^S r ^*L, 0CV'7?, ±©4 
iOSSuMJE' TlCjP^-45. X 4 (C4 >9 y => 

-a^* *©*«»B*(fc*i-* r t ^r*# -So 

[0 0 2 7] W±©3Xg(c4'9#ibnfc, 4f^ffitica 
®SW43 4 U!/S fcl4@{f:«^i«f g±i:«s« 
^4t7cfi4!^JSf4, 4tiSrBffi#-rsr ilc4 9, MK* 
Sr 4 1//4 ± 144/7. 

Ci^t5i5)J5-C#5. S-&J4, IESl20~150 
X, EA 2 0~2 0 0kg/ cm2 T*±'.y hT'W^tS 
ri:K4 9«PBKff*5ri:!SS'C*5. fB«l2 0± 

ff4l 2 0kg/ c S'n^ s; T'4E^ 

T*fo9, — ffiJt 1 5 OX:, E*2 00kg / cm 2 
Sr^±5^#T*f4, X^vaiS^jJS^'t-SSix^fc 
5o ±7 h/^7B#Ffl(4^?afi^ffiyKc4y^±-rs 

4X it, 3 0~ 1 2 O0-*S|ff4 LV'„ *yh4U7l# 
riAS3 o#«©i^, 

9, — 12 0^«45t, 

^4/xtttS:®®S^45 4 Xl/t. 7cl4@»i«^±a«?®M 
©*K, *^?:§fc±©n43foSo 
[0 0 2 8] *!6P^©®l©a^®^Xg43 4U'®2© 
3*fc7£«»«»xSfci8V'r, a®tt^, 

LT, 4/yxh 
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(5) 

7 8 

ft*-*^? LeEftftffiS!) (tt^-h^S) > X 

[0 0 2 9] £fc, «^oi i ©xaicttflli-*## 5 iitf. xwxiiciy. aft*-tf>i;:a??f£;ix-rv'S 

ag-&Bt*. ■fl-VKS/MeiffcRfcf tt£W*^»«a£T?a®r4X*tf-e#5fc»e>fc:8f 



5torui<, ai^*t£f®i-fcsaft*-tf^<£>«i 

■Ct«t<» ±BUiJ;3fc:, 

t^XtSo §<bUX 

ttffl-fSffflWKBturos&jcSEKia^afc, * 
*Ux|5g®$ft£ 1 bc9X14/4< , fj 1 WXe{c45V'TStH 
Miuct£-ox\,'z>&fc$-#^t'o L<DmM*m>£>mi$. 
S£-14S X o tei&WfeXhtlii, <fc 

v\ wric. -&mw<D7a±x<Dmm&£x*ftm&}W;& 



[00 3 0] 1 . mi ©Xg 




tr ttSfettBfltj&tra i #m®m 
'<-xh£M&-fzm lawre, jsaji?— A'SA^roii 

+ S#»-oXfc5aft#-aK:'2fcW*ft©**»«: 
»<o x»|sgic. 

v^fESjc^SrAI? i££-t2:S) o 

[ 0031 ] ±Bo®«wi^xe[t*sv'r, 

tfc<riiSISU'„ ifz, ±S2c Dffi&m&TW*. 

JgMtf'-A' 5 /HftflsfcRofc t ©tl4/i < , -# 

V©»il#«:»flP<r5aj|lS:tofc«»Sc-Ciblitf, V' 
A'45’f ) ©-Cfeot'{ ) J;V' 0 
[0 0 3 2] 3?lcDXatX*5V'-C<4. aft*-*:/*' 7 
LfcS**y M7— ^Sr-fta-TV'S* 
t^tlLTLiV\ MEAft®}«cD®ffi<Z>ffi^a£att 
£fc. -h*E<E>XgX14, ffift*- 

5rim4i('. -txx. I 2 roigi;fcv't, mti 

tz*b7?^x—<nfe'&*?it£othb\z., aft*-* 

>'<omiiftMizj*>'mmhitt$:A'9&±-&, mt&ow 

ffl^^fe5t©T'fe5. 



[0 0 3 3] 2. |?2CDXS 




&10>X®K:fcV'T14. -tiELfcJ; 5CA ■#<!-<- A h 
^•e^Sftfc&ft*— *:/«:. h7^f-t-S 

•ct^sftissixTV'S. sfc, aft*-*^*®t4, -r 
*>^®?Sc:fri£«fc '9Mt>tXXtt\<'Z>t > <D<D, 

<a 0 -txx, h Sr 3 jJcTLStba^B-C'ffaf 

mw-r^xticx^o , 4*y'mnt$.ft\££. i omfrtitz a 



s„ £fc, roig-e, aft*-*^*' 5 Lroggm*® 

^SOT*. DiSUltLSotaft*-^^® 

xF7^ft-^SMJt5rti5t#5 0 L*'t>» 

xwxtixiox, »£Sfts*«rt<©**i**«:£# 
i« &50s*v*&v\, 

[0 0 3 4] 3. m 3 COX® 




ft^0JW®3»XSix45V'T(4, ±fEgn*5<fcU f *2© 
XSKiUWbixfcBtt^-^h^ *<-s#X£fc:, 

* y x h 7 7 /wft n xf uy*®j| 6 »}S* 

§s2JD4"SX *&< . iZfz s *A-*=Jf 'y^. =f-;v-t;Vu — 

20 ^ fyl/t/i-P- *-£^ 1 /. *y t"=.A-TA'3 — 

8s9)D-*SX *&< . 2, 0 0 0 ~ 2 0 , OOOcp (ir 
g«wfi5¥6&£#l-srox. 
A-w±7*»^mttS:^ft (#*&isc®®sw) 

iU'/Sfcli fta f i onj Xft^$aS/5— XA'* 

n*-4 

Mix, 

*•?££. *<9*314. LTteffl-fS*- 

30 hiSADa*. ^»»a©*H?LOBH*Srtfc 

[ 0035 ] x<£>£5lx. w* 

SMi-^i-5xtic«ti9 x tiaittKEdsiVW^-^a* 

)£###* i v/ * 4c (4 @ft w^«» 

St*HxHJ££*U T;^-^n^-^ hoiBKf 
m\^tz^=f-ui /? y s— 

ftiiU M?:»it5riiaoi»Il6j;W4 

s jx*. «#Mt 

X * 7)5 X*# So 

[0 0 3 6] &1C, 

w?i(c4-sfc«)ic. 4-r. *&W(Dmm (mea) 

Sitcom® (MEA) ro)W7L^S:*ffi7KnW—^ — 
i-<tyaij®t/c^^ii2(x^i-. i2t, n 

JSMK4. *&w<»2Wimmftmz.&'oifebfttzmM<n> 

felc± y ftfj*i,fcS®O«ffl7L5>flil:^-r 0 

so [0 0 3 7] H2i»feW6*»*«t5fc. *»liw 
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2 ©l8Ci 0 ft 

14, W,\<DX&(r>3>.\z&VftbMzn,&Z.'9. /J'SV'i# 
7L«^as«4>L-C43!>, y£ffr#-#y©^'K<£*ffl?Lfi 

[0 0 3 8] ^7t, A^BJC>aii£f£3fej£C>®S(£OV' 

0 6&af®*9) «rM£Lfc||r*fcB3fc#i*. tztzL, 
H3t*sv'r, mmm 1 14, 

&tt«ll4, 10 

iSi®Sr^i _ 0 

[0 0 3 9] H 3 a» few fed'** 3 in, «S0®10 

xe.*J 415JB 2 WXS 1 C 4 0 ftfe*tfcaffiC>C OP®#iBiJ 

^(c^oV'Tt>CO®ilXl:^^^L-TV'5co-C s J fts>g 
«rit»lnj:S*«»ji©««iJtt3fe«®J:») feiSi±ur 
V'5Ct755P^ib^T*fo l 9, rft4 9*$&W«>®ffi<Ottte 
^fS]±LTl'SirV'^5„ 

[00 4 0] 

immm] sat, mmmzmfr*%w&mw-t?>o * 20 
#, *»«*, »t*s^'R9, r%j 4 rgpj 
(4S*S2pXfc?»o X ~T\ 1 |C43V'TI4, 

* i l-oas 

£fflO'5X ir^-ets 

c il4w3S’C'b*v\ 

HSSf?'l 1 

Lt> T/w K li y 

AA 5 #/Ht${<Z> 5 %-A: 7 -< (Na f i on) 

*, (2 0%ptsit 

ft-ti ^V) IC^LO. 2 ~ 2 . 0%W5J:5l:Na f 30 
i ontiP t fcfc£SS£iHgL fc„ 

[ 0041 ] 

«£©»»» 3 0 5 y y y h/P:fc4tf#**ilti: LUf 
y 3 — /U2 0 5 y !J v hA-Srififitf'— 
OTc&ALfc 0 :o^ 3#*^©4m»A*:i4, 

BM<7> 1/3 ri* g^lC* So ^HKSWCfit, 15 0ml 
A 7 a 5 0 m 1 ijfffSl 0mm®r7ny 

*'— A-Sr 3 OfigALTSltt'l't 1 8 Oftfflmftm 
&£fri\ *■ h^rWfCo COIg-e#fe*t5tt 

^ hrtfflfiMjfi/- tfi'V/A y*©«tf-&l4, -10 

0. 05-0. 5 AimS^SX»#$ixTO'/c (01# 

fig) . 

[ 0042 ] acic, ±Ex»-c»swi^snx#fenfc 
h«r»J©*«ln»SLT, 3&7C«#)jf# 

^«T'^?aic4oO'-C0toiSjg 1 , 4 0 0 r p mTSffifg 
WZ 1 2 0MtT<£ofc 0 **J, ±>&O0iJ-ete, 
m-wfoSiS-a-Sji: ctucpg 

^$ti’5 , t>cOX(4/ t t< , 3D/f K5;K A'ft 

^«rfflV'Tfcro<*©j#*i9*»fe;h,S 0 
[ 0043 ] ^^(DTMx-nbibtzmM^-^ hSrmx- so 
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**Jft«-ei4ffS 4 0 0 H BOi-#y 

y->PnJSiJmj;yff^ 5 o^mCM 
L, T^=?>^^#0tt'f{n45V'Tai£T8 Ot-etl 
l, mmTimmzf&4zLtz 0 
[ 0044 ] ±iew®x-^at±x^ft:±ic*^$ixfca 
«&, rNa f i o 

n - 1 1 5J ©iS5®|Cfi£ 1 2 0 ~ 2 0 OX EEt) 2 0 

~100k g/cm2 t*6 0 8>ffi*y A3§ 

W©K«#8tefr (ME A) «r»fc„ 

[004 5] Jt$fc0il 1 

#*«im*jv'T, SWIiroigoWil^fe (ffi 
S^-/U5/Wnj;5«^l 8 0£W) Xfc5W^(4, H 
iStsj 1 t PI— ©2rifcT?tt*ttfltefl: (ME A) SrWfco 
[ 0046 ] 1 *s4t«fctW!l 1 -e#fe*i,fcgMt« 

S-g-ft:(£O0'T, ElTO^fet, *B?L*Mli»je, CO® 
4141X1 -VJfctfc- AX h£ iff f£otz 0 
[004 7] 

ft's 9 • ^ n — (Quanta Chrom 
e Co. ) Mro*iiKD->^-X- igjo B o£ TAu t 
oscan — 60 + 500J U A^flEAffi(n4 

'omiftJn&mfe'i'tzo ayaismis, -rx(c0 2ic^L 

fZo 

[0 0 4 8] 02 ©*S**»fe. #$SW©MEA-ei4, 

0 . 0 5 (imaTOMtl)*) , 
SOMEAiSO. 0 7 um£lT : <nmitX&>&<D\Zlt'<X 
*fflO*g;65/h£< $SiOMEA 

©PWLSo. 00 8 W 

EAtnmUWLO. 0 0 9 umttft(DM1L®mk&)t%t-f 
5t, A^BJOME < , ^oga?L 

±SBLfc4 5(n, 

(DMEAO^BTL^li, ^teOMEAiOt/J'JV'® 
?LO#a34**^LT4i9, afls#-#^®»/h**l?Lrt 
Spmx a 9 ii^v ' 5 r. t (4fi^ fe ^xfo 

S o 

[0 04 9] CO tt i K 

#SC®ttft#«fts0r««)CO»3lH6«, tasa 

P 2 0 1 OJ SMSJSLfco 

[ 0050 ] aijain5t*-fe, mu (me a) <Df*wt 

(5cmXl0cm) (£Sl OOt, JE 

StlO'STorr) X4 8 044FflJ!ft^L, ftk't'** 

^mAi-xmmmm(D^m.^)^^Lfzm. 3 5 ’em* 
Tco®®iK*sraijaufc 0 ayaife*i4, -rxim 3 ^ 

Tn Etz 0 

[0 0 5 1] H3i»feWfei»*J; 5 in, AIPJcdmae 
(Ote&mffiffi 142. 0 5m 2 /gXfcy, ^5)5fe(DMA 
E©64R®»#2. 5 0m2/gT*fc5H. 
©MAEW^s, 

sn««^‘!iStt3fe*fe©MAEj:!)fe**<, rn±y* 

[0 0 5 2] I -VMA7 K 
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&TS - * y- KfflfcttttJtSrtt 

£©«j!fA©flW&]E*tt, AftllL gfitffiifc 
ici 0 0 K P a t Lfc„ $fc, **<08^ £ 8 oty m 
I'WSMSOttU li©iIS^85'Cl:<SoT^ 
Sfj^itfco ry— Kfi'J6 7%, *y — k 

«5 0%T*-^feofc„ ttM«a (I) i-tr/Mtff 

(V) ©#Jj£tt*8rBI4fcS*-*- 0 

[0 0 5 3] fc£U HUdfeloT, 1 ii, *3£ 

W (O 2 <fc 0 f^ibtbfcM E A ZMfr&Astm 

K*«l©- fc/UBJEESr, 

*9 f^tixfcME ASr*a^jiA/^tltl*«J6©-t7P 

iSJ££^-f~o 

[0 0 5 4] 8 5(-, -fe7P«EEt«S(E 

fcSttttHBWRfcfc 0 , 

/MlffilifflttiHHcffiT U -fe/u®Jl75S*V'iV'5 

«[K©f(Jffl^SiV'r.tS:Sc*-r5as x HI 4 CO 
Ji^iJ 1 COftMmftT'tt, SfiftSS/JS 1 . 6 A/ cm 2^ 

TtD^xcoffii&vmb'ir/i'nfc&jFLxjsy , mm*® 
ttldffitu its V 'ftW£Riffi*iftSfe btlX b ' 5 ~ t 

S o 

[0 0 5 5] 

[*«©»*] mMmmxh?>&&m 

’*>mm 
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-tZXblz.£.<9?3i* htfWfe 

x'ommzmi) xktfx$z<n x\ f 

i <9 JKJ& £ ix 3 M A E &»*i^£]imm©*®l41£ 
/OS [B] _h-f- -S 0 

[H9©ffi]£ftK9n 

[Hi] *&m<OflS2<DT.mz.i3\ t 'Xti£.R}&1x5 3&tc 

io [HI 2] ^B?^©IIJS0iJlio<tt) { Jt^0IllT^e>tbfcm 
ffi (MEA) ©iHB?L^S:^-t-0-efc5 o 
[HI 3] *«9©aEHS«i38J;tJ'tt;««i-Cf^fe*Lfc« 
(MEA) <0 6&^ffi«£^-ri H-CfcS,, 

[194] 

E A^rffi^iAA/fc#tt^a;m(-oV'TaiJ^ 

<t -fe /PfEffi t co ^-f- HI X? fc 5 . 

M?#©I&W] 

l 0 h 

l l S-SHI 

20 12 ^<— A$£ 

i 3 ^e— y — 

i 4 AC— A^ 

1 5 #A 
i 6 ^e— y — 



[HI] [®2] 
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(8) 



[H13] [134] 




«a®ac(v«*) 






(72)360^# /hi?# m&k 

(72) mm smif -m 

«3Em?P^m i: f*-TS 4#1# 
i?f*J 

( 72 )^ 0 ^# -km &js 

tt^BaS«®f5£gffrt 



(72)mw% fln* 313! 

4#i# mzg 

*±*b ammzzmf*i 

(72) ^0j# mm —to 

F 9 — A (H#) 5H018 AA06 AS02 AS03 BB08 BB11 

BB12 EE03 EE05 

5H026 AA06 BB04 BB06 BB08 EE02 
EE05 




